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estingly, Ehrlich (1979) in another publication has commented on some of the constraints on long-term research such as turnover among personnel and the perceived necessity of obtaining results and publishing papers quickly to satisfy both academic institutions and research funding agencies.
Appraisals pointing out the inadequacy of historical environmental records and the effect of short-term support on research output and personnel could be viewed as an indictment. Short-term research projects, alone, can serve as definitive bases neither for addressing societal concerns related to environmental biology nor for the substantial advancement of a science that deals with processes occurring over long periods of time. There is a serious contradiction between the time scales of many ecological phenomena and the support to finance their study. The problem is a difficult one. Funding cannot be guaranteed to any research undertaking for even tens of years, let alone for centuries or more. How can this pattern be broken, a pattern that acts against the consistent and reliable accumulation of sets of long-term synoptic data? What should the scientific community and the advocates of environmental biological research do to broaden the scope of research?
A first step is to define the dimensions of the problem and the key elements for its solution. Temporal and spatial scales are of critical importance. When many of the phenomena of interest occur over long periods of time, it is inappropriate to fit research on those phenomena to the typical two-to three-year planning/ proposing/reviewing/funding cycle.
Even similar projects are not often comparable unless effort and resources have been devoted to making them so. This inherent tendency away from comparability becomes more prominent among projects conducted at locations that are geographically and biologically disjunct. Directionality of some ecological processes and periodicity of others can confound comparability even further. For example, processes of aggradation and degradation are directional. They may occur continuously or by quantum changes. They may even occur concurrently. When observed over sufficient periods of time they can appear to be cyclic with building processes setting the stage for depletion processes and vice versa. The purposeful collection of high-quality data over the long term will allow generalization of ecological research results and theory over scales of time and space great enough to evaluate disturbances such as fire, grazing, deforestation, CO2 elevation, and acid precipitation. 
THE DEMAND FOR LONG-TERM RESEARCH

IMPLEMENTATION
Translation of needs, plans, and precedents for long-term ecological research into a system for its support and performance is a complex process. As a first phase in this process, NSF sponsored a series of three workshops between 1977 and 1979 to initiate and maintain close consultation with the ecological sciences community. Nearly 100 research scientists, potential users, and cooperators from the private and governmental sectors shared their knowledge, opinions, and advice with NSF. During this time the working title of the effort changed from "monitoring" to "research," having gone through "measurement" and "observation and study" along the way. This evolution of titles documents the rejection by participants of collecting data for the sake of collecting data. It reflects the insistence of scientists on the organization of research projects around ecological questions and hypotheses of value in expanding ecological theory and for solving problems of environmental resource management.
Five core areas of research were defined that reflect the desire of the community to orient long-term ecological research projects toward question/hypothesis formulation and resolution: * Pattern and control of primary production (to study the energy limits of system function); * Spatial and temporal distribution of populations selected to represent trophic structure (to sketch the major pathways of system transfer of commodities and the skeleton of system structural organization); * Pattern and control of organic matter accumulation in surface layers and sediments (to understand the storage and processing of biological materials); * Patterns of inorganic input and movements through soils, groundwater, and surface waters (to evaluate the interaction of geochemical and biological processes); and * Patterns and frequency of disturbance to the research site (to compare nature and man as perturbers of natural systems).
These core research areas were intended to serve as organizing foci for individual long-term projects and to direct attention to areas for productive comparison among projects. They did not attempt to impose a traditional trophic structural approach on the study of ecological systems but rather suggest an approach organized around families of structural and functional attributes comparable among regions.
Early on it was recognized that for long-term projects to be successful, they should be divorced, to a practicable degree, from the often vagarious behavior of individuals and institutions. To ensure continuity, proposers had to document, for example, plans for continued project leadership, guarantees of site integrity, and means of resolving conflicts over site use. Information stewardship had often been a significant shortcoming, so development of data management systems and site-specific reference collections were required by NSF. Since liaison with other scientists was vital, proposers were required to develop plans for information synthesis and publication, site promotion, and independent external review of each project. Detailed descriptions were not provided to define acceptable plans and mechanisms. Doing so would have constrained the proposers unnecessarily, and they were in the best position to know what devices would work at their own institutions.
These requirements and guidelines were formulated and agreed upon. An NSF information flyer (National Science Foundation 1979) announcing the emphasis was the result. This flyer was distributed to the institutions on NSF's standard mailing lists as well as to all workshop participants and individuals who had made inquiries. Its purpose was simply to announce that NSF, through the Division of Biotic Systems and Resources (then the Division of Environmental Biology) was willing to receive proposals in the area of long-term eco-logical research. For the second round of funding competition, the organizational framework was already in place, and the flyer was simply updated (National Science Foundation 1980).
Responses from the scientific community were encouraging. Several hundred legitimate inquiries were received over the two rounds of competition. After careful consideration of the external peer-review process, NSF concluded that there was no fundamental reason to change the mechanisms already in place, except to recruit an advisory subcommittee (i.e., panel) having the appropriate background and expertise. From the first competition involving 29 proposals, 6 projects were funded. The 24 submissions to the second competition included 11 proposals that were essentially revisions of declines from the first competition. The second competition yielded 5 projects for which funding was recommended. Success rates were approximately 21% in both rounds.
It is difficult to draw conclusions from limited samples. However, some generalizations emerge. First, constructing such proposals is a major effort. Many groups chose not to submit once they were able to project what effort would be required. Second, the commitment required by scientists and institutions-in terms of time, facilities, research sites, etc.-could not be met by all who were interested. Finally, the level of enthusiasm expressed by applicants and interested parties was remarkably high. Support for the concept and hope for its productive progress came from a broad sample of government agencies, the private sector, and the academic community.
THE SCIENCE OF LONG-TERM ECOLOGICAL RESEARCH
In a manner reflecting the desires of the scientific community, most proposals were oriented toward testing hypotheses or answering questions of ecosystem structure and function. This orientation set these proposals distinctly apart from studies that might be called monitoring and was important in assessing potential performance. The quality and tenability of hypotheses and questions became important considerations in evaluating the proposals. The projects that were positively reviewed were those that most successfully combined the attributes of site quality, institutional and personnel capability, and meaningful hypotheses and questions.
Analysis of the successful proposals showed that the hypotheses and questions fell into several categories, including: * The effects of physical environmental variables on the structure and the change in structure of biotic communities; * The processes by which herbivorous populations are regulated; * The processes that regulate the rates of accumulation and transport of decomposing organic matter; * The processes that influence the rates at which inorganic nutrients are taken up, utilized, and released by the biota; and * The role played by major disturbances in maintaining or changing the character of ecosystems.
A Sample of Major Ecosystems
Early on in the LTER planning effort it became necessary to accept that it would be impossible to sufficiently sample the ecosystems of the United States. For instance, it was completely beyond reason to consider initiating LTER projects at the 95 sites designated as experimental ecological reserves by the TIE studies. NSF relies on peer review for project selection; in the case of LTER there was no need to change that procedure. In addition to the normal attention given to the scientific criteria in proposal evaluation, site quality and institutional commitment served as a fine filter in selecting the 11 projects supported. Geographical distribution of sites or ecosystem type never became active criteria in the selection process. Yet, the resulting geographic/ecologic diversity of the research sites is so broad as not to contain duplication (Figure 1) .
A theme that permeated the proposals for long-term ecological research was the analysis of disturbance-its effects and its causes. Disturbance has been characterized and categorized in several different ways. It has been seen as either chronic or acute and as natural or anthropogenic. Insightful analyses should result from comparing the effects and recovery sequences stemming from its characterization as either intrinsic or extrinsic. Intrinsic disturbances are those deriving from conditions within the ecosystem (e.g., accumulation offuel, which would promote the spread of wildfire); extrinsic disturbances are those coming from sources outside the ecosystem (e.g., flood and drought). The plans of most of the projects include experimental disturbances to be conducted after adequate predisturbance documentation. In addition, many of the projects are prepared to take advantage of natural disturbances when they occur. The result will be that experience with disturbance will be broadened and strengthened, particularly with regard to recovery following measured disturbance of ecosystems that were well documented in advance.
NSF recognized early that steps would be necessary to reinforce the principle that the LTER sites would form a sample (albeit, an imperfect one) of the ecosystems of the United States. Comparability of data from site to site was seen as a key to achieving this goal. Past experience has shown that many factors can operate against achieving comparability among laboratories, ranging from the inappropriateness of some methods for some ecosystems to accommodating needs of investigators seeking answers to different questions. With this understanding, the question then becomes one of achieving comparability given those limitations. Comparability can be approached by encouraging projects to strive for similar degrees of confidence in their estimates. Such an elusive quality comes in at least two forms: statistical confidence, often expressed as error limits on estimates, and confidence in understanding the inherent limitations of the data. The second can be achieved by assuring that the conditions under which original data were taken are fully documented and permanently attached to the data. Confidence in estimates, then, is a key to interproject comparability and can release individual researchers from methodological constraints ranging from the inconvenient to the ridiculous.
Networking
To achieve such goals as comparability of data among projects, representative sampling of national ecosystems, and tests of regional-to nationalscale hypotheses, there must be regular communication among researchers working on different projects. One dictionary defines network as "an interconnected or interrelated chain, group, or system." It is in such a context that the funding and operation of LTER projects was planned. Although projects operate virtually autonomously with regard to research at their particular sites, they are prepared to accommodate mutual goals. At the encouragement of NSF, senior scientists came together in Washington, 
THE FUTURE: OUTPUTS AND EXPECTATIONS
There is always risk in forecasting future directions and expected benefits from basic research. Perhaps the greatest risk is that, by formalizing expectations, one may constrain the projects to fit them. The following discussion is intended to do none of those things.
The least that will come from funding for long-term ecological research projects will be careful inventories of the physical and biological states at each of the research sites. Any such inventories will have their intrinsic value increased because the research will be at least partially controlled for physical variability. Documenting the rates of various fundamental processes, such as organic decomposition, primary production, portions of herbivory, and atmospheric deposition of chemical elements will be valuable. Building upon the base provided by carefully conducted baseline studies, project teams will proceed to document the effects of disturbance on the measured variables.
Some sets of data will be very high quality and very useful. Most of the projects either possessed or had good access to files of previously collected information. Those older data may prove to be of ever-increasing value to the newly initiated efforts. For example, the University of Wisconsin group conducting the Northern Lakes Project knew that they had access to most of the original records of E. A. Birge and C.
Juday. In fact, they selected certain lakes for the project partly because they knew these lakes had been studied before. During their first year of operation they began to discover how useful the old records were. It is documented that the lakes under study lie within a region receiving acid precipitation. After remeasuring the pH in 53 lakes, the Wisconsin group separated the lakes into three nearly distinct groups based on historic pH and present pH. One group (original pH > 6.4) became generally more basic over the ensuing 50 years. The other two groups had been more acidic (original pH < 6.4), but one became more basic and the other more acidic. Further analyses showed that most morphometric and chemical variables are significantly different for the three groups. At the very least, the group has demonstrated that far more than quantity of acid precipitation must be considered when formulating a prognosis for lake response to such inputs.
Additionally, given that the site-specific studies will be conducted as they have been planned and assuming that the network continues to be developed, broad comparisons may be possible. Comparisons may include methods and techniques, ecosystem structure, and process rates.
The accumulated information base at each site may prove attractive to researchers other than those funded under LTER. The existence of such an information base for a site would often relieve other investigators of the need to collect much of the requisite physical and biological contextual data that underpin research projects. Research performed by such investigators would broaden the base LTER effort. To encourage such collaborative research, the LTER projects are: actively promoting the sites to make their availability and potential known to the community at large, guaranteeing continued site security and availability, providing mechanisms to resolve possible conflicts in use of the sites by different projects, providing bibliographies and libraries of publications related to each site and its region, providing reference collections of locally obtained biological and physical specimens, and developing on-line systems for data storage, retrieval, and manipulation. By associating with LTER projects and sites that provide a data-rich research environment, individual investigators may gain a great deal. They will also be expected to cooperate by making their data and documentation available for inclusion in site data bases.
Much of what I have said regarding specific LTER sites also pertains to the entire LTER network. Neither NSF nor the LTER investigators intend to make the LTER data the exclusive province of scientists associated with the LTER projects. In fact, the intent is exactly the opposite, and it is hoped that the scientific community at large will come to regard the data sets as valuable resources. One might predict that in the future ecologists who wish to perform broad comparisons of ecosystem attributes would base a major proportion of the work on the existing LTER data sets. Proposals for such research would certainly be regarded as legitimate applicants for support by the NSF's Division of Biotic Systems and Resources and presumably by other research funding agencies.
CONCLUSIONS
Many of the ramifications of this longterm ecological research undertaking have been stated or implied in the foregoing discussion. In addition, NSF funding for long-term ecological research might serve as a focal point for undertakings by other public or private agencies. If the LTER research is useful and of-high quality, other agencies might be willing to fund at those sites additional levels of effort to fulfill their own mandates.
Assuming a level of accomplishment through the LTER emphasis that would justify its continuation, a broad and stable platform will have been achieved upon which planning for future ecological research can be based. This has never before been available to research agencies or ecologists.
There are ecologists who assert that the development of a unified theoretical base for the science has been severely retarded by the lack of comprehensive and comparable information on a broad diversity of ecosystems. Many of those scientists would also say that the traditional patterns and rules for the planning of research and competing for funding have often been counterproductive to a science that deals with many phenomena occurring over decades or centuries. One can hope that these early steps taken to foster and underwrite long-term ecological research will lead to new and improved ecological theories that can parsimoniously encompass far larger scales of space and time than before. Scientists, planners, managers, and legislators may perceive the value of this long-term ecological experiment and continue to provide the impetus and enthusiasm to carry it forward. Furthermore, long-term ecological research may be useful in diagnosing and solving the increasing array of fundamental ecological problems generated by a world increasingly rich in the quantity, but ever poorer in the quality, of most human life.
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